Introduction
The goal of this paper is twofold: first it reviews the distributional properties of tense and lax vowels in a relatively standard dialect of Northern French which still contrasts vowel length, and second, on the basis of these data, it examines the interaction between markedness and faithfulness constraints in Optimality Theory (OT, Prince & Smolensky 1993) . The intricate interplay between vowel quality, syllable structure and cooccurrence restrictions between vowels and consonants that one observes in French makes it an ideal language for exploring the interactions between the two kinds of constraints.
As a general tendency, it can safely be assumed that tense vowels appear in open syllables and lax vowels in closed syllables; thus, that generalization (1) which has repeatedly been observed for the Germanic languages holds in French, too (see van der Hulst 1984 and Kager 1989 for Dutch, Moulton 1962 , Wiese 1996 and Féry 1997 for German, Hammond 1997 for English).
(1) Tense vowels appear in open syllables and lax vowels in closed syllables.
However, the situation is complicated by the fact that only mid vowels contrast a tense and a lax variant -at least in the dialect discussed here -and that the distinction is made (nearly) exclusively in the phrase-final syllable, also preconsonantally. Further complications arise because of the effect of idiosyncratic cooccurrence restrictions that override (1). Some of these difficulties are eliminated by a phonologically abstract model of the syllable structure. In the analysis developed below, it is assumed that French has semisyllables, confined to the word-final position, which function as onsets of nucleusless syllables. This explains why tense vowels can be in apparently (i.e. phonetically) closed syllables.
As for the second goal, this paper illustrates that roughly three types of constraints interact in grammar. First, there are markedness constraints of a general type dealing with universal tendencies. Constraints like ONSET, NOCODA, NOVOICED OBSTRUENT and the like are of this type. We will see that the constraints which work together to allow the structures in (1) to surface are of this type, as well. Second, more specific markedness constraints, expressing particular effects like language-dependent cooccurrence restrictions between vowels and consonants, are present in the grammar, as well. Finally, in the case at hand, some occurrences of lax, tense and long vowels are best understood as arising as a consequence of faithfulness to properties specified in the input. Constraints are organized in the following way: the more specific the constraints are, the higher ranking they need to be. In the absence of activity of the specific constraints, fulfillment of the general constraints lead to "emergence of the unmarked".
The paper is organized as follows. The first section gives an overview of the French segments and of the data involving the mid vowels. The second section introduces the syllable structure of French. The last sections concentrate on the tense/lax alternation in the mid vowels and show how OT can deal with them.
The French segments 2.1 Segment inventory
The inventory of General French (GF) segments is given in (2) for consonants, and in (3) for vowels (see Plénat 1987 , Tranel 1987 Additionally, French has four nasals, two liquids and three glides, but no laryngeals.
As for the vowels, it is well known that French contrasts more vowels than most languages. In the dialect described here, the mid vowels each have a tense and a lax variant, thus [e/ ], [o/ ] , and [ø/oe], while no other vowel has two variants. It thus differs from Quebec French and other dialects of French in which high vowels also contrast for tenseness.
French also has underlying nasal vowels, as in the words cinq 'five', honte 'shame' and banque 'bank', though most occurrences of these nasal vowels alternate with a sequence of an oral vowel plus nasal consonant. Schwa in French has a complex pattern of realization vs. non-realization, but it is beyond the scope of this paper to give an account of this pattern. The interested reader is referred to Anderson (1982) , Basbøll (1978) , Charette (1991) , Morin (1987 Morin ( , 1988 , Noske (1984) , van Oostendorp (1999) and Rialland (1986 Rialland ( , 1999 , among others.
The alternation o ~ ç (mid back rounded vowels)
This section and the two following ones describe the contexts in which the tense and the lax variants of the mid vowels appear. We will consider the alternations between [ç] It may occur in a hiatus position, as in boa, Noé 'Noah', Noël 'Christmas', Boétie 'name', oasis, and coopératif, but this is not the final or "stressed" syllable of the word. In unstressed positions, many realizations are neutralized and can be either lax or tense, or have an in-between quality.
In the remaining contexts, both variants of the mid back vowel are possible, at least in GF. We are confronted here with lexical variation. The distribution of the lax and the tense variants of the mid back rounded vowels is summed up in (9). To sum up section 2, it can safely be assumed that generalization (1) holds in French. This is particularly true for the pairs of rounded vowels and less so for the unrounded vowels. However, the image is not perfect, since, at the surface, one observes many tense vowels in apparently closed syllables (and lax [´] is found in word-final open syllables). Moreover, some cooccurrence restrictions, like those shown in (7) and (12), render the generalization difficult to maintain in many cases. The next sections introduce a theoretical analysis explaining some of the deviant facts.
The French Syllable
Since the OT account of the distribution of the lax and tense vowels in French to be developed below relies on a rather abstract analysis of syllable structure and on the assumption of the existence of semisyllables, both concepts must be introduced. This is the aim of the present section. The focus will be on the coda, but onsets and nuclei will also be briefly considered. First, onsets can be empty in French, which means that they are optional. Onsets have maximally three positions and always have an increasing sonority, as shown in (21). If the first segment is a stop, as in (21a), the second one may be a fricative, a liquid or a glide. In case the first segment is a fricative, as in (21b), the second one can be a liquid or a glide. And if the first one is a sonorant, as in (21c), the second one is also a sonorant, but of higher sonority. Whereas [w] and [¥] can be part of a triconsonantal onset, as in truie 'sow', bruit 'noise', broie 'crushes', and cloître 'cloister', this is impossible for [j] . In brillant 'bright', plier 'to fold', triangle 'triangle', and the like, [i] never becomes a glide. An explanation could be that the sonority distance between a sonorant and [j] is not sufficient for them to be part of one onset, while the sonority distance between a sonorant and [w] is. In other words, [j] is more consonantal (less sonorous) than [w] and [¥].
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(21) Onsets a. p (près), bË (bras 'arm'), gl (glace 'ice'), pw (pois 'pea'), k¥ (cuire 'to cook'), b¥ (buisson 'bush'), dj (diable 'devil'), gËw (groin 'snout'), bë¥ (bruit 'noise') b. f (frère 'brother'), vË (vrai 'true'), fl (fleur 'flower'), sw (soie 'silk'), zw (zouave 'Zouave'), w (joie 'joy'), f¥ (fuite 'flight'), ∫j (chien 'dog') c. lw (loi 'law'), n¥ (nuit 'night'), ë¥ (ruine 'ruin'), mj (miel 'honey'), ëj (rien 'nothing') Onsets always respect the Sonority Sequencing Principle formulated in (22a). The sonority hierarchy, following Clements (1990) , is shown in (22b).
(22) Sonority a. Sonority Sequencing Principle
The most sonorous segment of a syllable is the nucleus. From the nucleus to the edges of the syllable, segments are not of increasing sonority.
b. Sonority Hierarchy
This result is compatible with Davis & Hammond's (1995) for Californian English. In this language, [w] is part of the onset and [j] part of the nucleus (it is also part of a diphthong).
Turning now to the postvocalic consonants, the picture is more complex. If more than one consonant follows the nucleus, the consonants can be of decreasing or of increasing sonority, and the sonority can also form a plateau, as shown in (23). (23 Two kinds of sequences which would be perfect from the point of view of the Sonority Sequencing Principle are nevertheless not allowed. First, a sequence consisting of a vowel plus a tautosyllabic nasal consonant followed by a consonant is usually excluded: such a sequence is replaced by a nasal vowel plus a consonant in nearly all cases (thus bonne [bçn]'good', bonté [bç‚te] 'goodness'). The nonstandard clamser [klamse] 'to die' is an exception. Second, glides stand alone in the coda. There is no complex coda involving a glide, though there are complex onsets containing glides, as was shown in (21). To account for the distributional facts illustrated in (23), the syllable patterns in (24) and (25) are assumed. The syllable structure in (24) shows the 'normal' or default case. The onset can be absent, simple or complex, but the coda, if present, is always simple. To account for this, the syllable rime consists of at most two positions, one being the obligatory nucleus, the other the coda. Notice that the nucleus in French is always a vowel since French does not tolerate syllabic consonants.
(24) Core syllables σ
This agrees with Dell's (1995) analysis of the French syllable (see also Bouchard 1980) . Plénat (1987) also proposes that rimes consist maximally of two positions, but he assumes that the two rime slots can be occupied by sonorants only. He thus analyzes [l] in mal [mal] as part of the core syllable, but excludes [t] in mat [mat] from the coda. His main argument is that sonorants tend to be fixed and obstruents to be latent; however, there are latent sonorants (like [ ] in adjectives such as premier or infinitive verbs, or the nasal emerging in a liaison context) and there are also fixed obstruents. Notice at this point that the present paper does not investigate the delicate problem of the latent consonants but is restricted to the representation of the fixed consonants, as far as they play a role in the distribution of the mid vowels. The second type of syllable is more complex and consists of two syllables, a core syllable and a semisyllable, as shown in (25).
The addition of the semisyllables allows an analysis in which all syllables respect the Sonority Hierarchy, not only the core ones but also the semisyllables, which must be understood as onsets of nucleusless syllables. Rimes of core syllables have maximally two positions. Compare the first two words in (23), the final consonants of which are organized in a mirror fashion (as in most words in the list in (23) Thus the next generalization is that the rime consists of maximally two positions, expressed in moras, which can be distributed over a nucleus and a coda or occur in a long nucleus. If the nucleus occupies two moras, there is no place for a tautosyllabic coda. As the next step, consider an optimality-theoretic analysis of the French syllable using exclusively attested constraints, like the ones listed in (27). The basic idea of OT is very simple. It claims that Universal Grammar consists of a series of constraints, some of which are universally organized in a markedness hierarchy, but which are otherwise intrinsically unordered. The grammars of individual languages impose orderings upon this set of universal constraints, leading to differences between languages and thus to typological diversity. MAX in (27a) militates against deletion of segments, and DEP(\) in (27b) against schwa epenthesis. These two constraints are typical faithfulness constraints, requiring faithfulness of the output to its corresponding input. In contrast, NUC in (27c) and NOCODA in (27d) are markedness constraints, requiring unmarked syllable structure. According to NUC, syllables must have a nucleus, and according to NOCODA, they should not have codas (see Smolensky 1993 and for detailed accounts of the syllable structure in OT). Tableau (28) shows a monosyllabic word with no complications, just an onset, a nucleus and a coda. Candidates are first generated and then evaluated by the constraint hierarchy, though the tableau shows both steps at once. The candidate best satisfying the hierarchy is the optimal, grammatical one. In this case, candidate a. with [l] as the coda is the optimal one. Candidates b. and c., with loss of a consonant and with an epenthetic vowel, are eliminated by high-ranking MAX and DEP(\), respectively. Candidate d. is suboptimal because there is a syllable without a nucleus and this is dispreferred, at least when no higher-ranking constraint forces this choice, as illustrated in the next tableau.
(28) Tableau for sol 'ground'
A monosyllabic word like calme has a final consonant which cannot be part of the phonological coda because of the restriction on the number of rime positions. This has just been posited so far, but will be motivated below. In order to account for this kind of input, the additional constraints in (29) are needed. Tableau (30) illustrates the effect of the constraints. These constraints are undominated. In particular they dominate MAX and DEP, which can marginally be violated by optimal candidates.
6 First, SONHIER is a complex constraint to the effect that syllables obey the Sonority Sequencing Principle, formulated in (22). BIMOR restricts the number of moras in a syllable rime to two. And PARSE-SEG forces segments to be parsed into syllables. All the constraints used so far have been introduced by Prince & Smolensky (1993) . c. PARSE-SEG: Segments belong to syllables.
6 Dell (1995) observes that only sonorants after a stop can be unrealized in the onset of a semisyllable. Quatre 'four' can be realized as [kat] and arbre 'tree' as [arb] . This realization is more probable in frequent words than in not so frequent ones, like bacle 'botch' or ocre 'ochre'. The pronunciation without a sonorant is mostly heard before words which begin with one or two consonants, as in quat' garçons 'four boys', un arb' plein d'pommes 'a tree full of apples'.
(30) Tableau for calme 'quiet'
In French, sequences of segments can be resyllabified across word boundaries, as is well known from the phenomena of liaison and enchaînement. As a consequence, semisyllables are prone to become onsets of following word initial onsetless syllables. This is also true of simple codas in words without semisyllables.
Length and lengthening
A short lax vowel is monomoraic, a tense vowel or a nasal vowel is bimoraic. Bimoraicity is not automatically associated with length, but determines the number of tautosyllabic postvocalic consonants (see also Plénat 1987 The question sometimes raised as to whether the lengthening observed in French is phonological or phonetic does not find a clear answer. Marc van Oostendorp (p.c.) observes that many languages, such as Scottish English and some dialects of Dutch, have the same kind of vowel lengthening before voiced fricatives, which is often characterized as phonetic. Plénat (1987) suggests that the length of tense and nasal vowels (32b) is more phonological than the length of all other vowels before a voiced fricative (32a). This is also confirmed by O'Shaughnessy (1981), who finds that vowels are longer in contexts such as in (32b) than those in (32a). The present paper concentrates on an OT account of the facts described above and leaves aside the question of the nature of the lengthening. In the framework developed so far, vowel lengthening finds a natural explanation: vowels are long in a prepausal open syllable -thus in the final syllable of a Phonological Phrase. Pairs like those in (34) confirm this hypothesis. The final vowels followed by two consonants, as in (34a), are short. These vowels are in closed syllables, since the first of the two final consonants closes the syllable. Note that the two consonants in (34a) cannot form an onset together since the second consonant is of a sonority equal to or lower than that of the first one. In contrast, the final vowels followed by one voiced fricative, as in (34b) To account for vowel length in OT, we need additional constraints. FINALLENGTH in (35a) predicts that Phonological Phrase final full syllables are bimoraic. This constraint accounts for the fact that the lengthening affects only the last vowel of the last word in the Phonological Phrase. For closed syllables, bimoraicity is trivially fulfilled, but for final open syllables, however, the constraint says that vowels are bimoraic -thus long. In particular, this holds for the vowels immediately preceding a semisyllable and explains why some vowels are long even if they are phonetically closed by a consonant. *LONGV in (35b) requires vowels to be short, the universally unmarked length for vowels. The constraints (35a) and (35b) are in a so-called Paninian relation: *LONGV is a general constraint, saying something about all vowels, whereas FINALLENGTH requires that vowels are long in PhP-final syllables -a specific environment. For FINALLENGTH to have an effect, it must be ranked above *LONGV, otherwise *LONGV would eliminate long vowels in all environments. Overgeneralizing somewhat, it will be assumed in the following that all bimoraic vowels are long.
CODACOND in (35c) is a language-dependent constraint (Itô 1989 , Prince & Smolensky 1993 prohibiting certain segments or classes of segments in the coda, in the case of French the voiced fricatives. If high ranking, it classifies all voiced fricatives as onsets.
In particular, the word-final voiced fricatives are forced to project a semisyllable, and (35a) forces a vowel preceding such a segment to be long.
Finally, MAX(µ) requires that if a vowel is specified as bimoraic in the input, it will occupies two moras. This holds for nasal vowels and for tense mid vowels, 8 as well as for the data in (31), at least in the dialects which have retained the contrast. As a consequence of the bimoraicity of these vowels, a wordfinal consonant following such a vowel is forced to project a semisyllable, since the vowel already occupies the two moras of the syllable. (36) for ours illustrates why, given the constraint hierarchy assumed in the tableau, candidate a. is optimal. Voicing assimilation between /ë/ and /s/ is assumed without comment. 9 Tableau (37) shows that even though it is relatively low ranking,
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Tense and nasal vowels could also be rendered long through the effect of a special constraint forcing these vowels to be long in the output, thus replacing the faithfulness analysis by a pure markedness one.
9
Obstruent clusters in French always agree in voicing. I assume that the constraint UNIFORMITY, proposed by Lombardi (1999) to this effect, is undominated in French. It may be interesting to mention that French patterns with Yiddish in Lombardi's typology.
CODACOND is fulfilled in a word like lourd, in which the last consonant is a voiced fricative.
(37) Tableau for lourd 'heavy'
Tableau (38) shows the working of MAX(µ) for lexically long vowels. The motivation for analyzing the tense and the nasal vowels as intrinsically bimoraic is twofold. First, as was mentioned in the preceding section, these vowels lengthen before all final consonants. This is expected if they are bimoraic. 10 Any subsequent consonants are relegated into a following semisyllable, since the two moras of the last full syllable of the word are made up by the vowels. The second reason is that whenever two consonants follow these vowels word finally they are of rising sonority. Recall that words like See Féry (1997) for an analysis of the German vowels along the same lines. In German, lax vowels are monomoraic and tense ones are bimoraic. Since stressed syllables are mandatorily bimoraic, stressed lax vowels are always in closed syllables.
(38) Tableau for contre 'against'
The question as to why some preconsonantal final vowels can be long, but not all, finds an explanation in this framework. Vowels can be long only when phrase-final and in an open syllable, or in front of a semisyllable. Semisyllables arise in the following cases. First, some consonants are preferably onsets. Voiced fricatives in the final position are always onsets of semisyllables, which implies that a preceding vowel is always in an open syllable: cave is syllabified as [ka:.v] . This accounts for (32a). Second, some vowels are intrinsically bimoraic. This is true of tense vowels and of nasal vowels, both of which are long when stressed. Since syllables are maximally bimoraic, a following consonant obligatorily projects a semisyllable: ôte 'takes away' is syllabified as [o:.t] . This explains (32b).
A final remark in relation to the lengthening facts: there is a tendency in French to eliminate the semisyllables and to integrate the final consonants into the coda of the preceding syllable. A word like même 'even', which is sometimes pronounced with a long vowel [m´:.m], is often realized with a short one [m´m] , which allows the final [m] to be the coda of the syllable, instead of being relegated into a semisyllable. As a result, length contrasts like those illustrated in (31) are being lost. Many dialects, like the Parisian one, seem to have lost the length contrast entirely. There is no trace of a lexical length contrast anymore.
Tense and lax mid vowels in OT
This section returns to the tense and lax vowels and proposes an OT account of their distribution. It was shown in section 2 that the general tendency for tense vowels is to be long and in an open syllable, whereas lax vowels tend to be short and in a closed syllable. However, as was shown in the preceding section, there is also a tendency for all final vowels to be long, regardless of their quality. For tense vowels, no contradiction arises, whereas for lax vowels in open syllables, there is a conflict. The requirement for stressed syllables to be bimoraic is generally stronger (though remember the optionality of the lengthening process). Lax vowels avoid open syllables, but when they are in a final open syllable before a semisyllable, they can be long. This kind of conflict is hard to express in derivational models which derive surface forms from underlying representations with obligatory ordered rules. In OT, however, conflicts are expressed with ranked constraints, and since constraints are violable, it is expected that conflicts have to be solved one way or the other, depending on the input and on the ranking of the relevant constraints. As mentioned in the introduction, specific constraints have to be ranked higher than general ones in order to have an effect at all, and exemplifications of this principle will be shown in this section.
For the case at hand, the relevant constraints are those from the preceding sections and a new one, formulated in (39).
11 Some additional constraints are vowel-specific and will be introduced below.
(39) LAXV: Lax vowels are monomoraic.
The ranking CODACOND, FINALLENGTH >> *LONGV, LAXV accounts for the fact that some lax vowels emerge as long (see the tableau for or 'gold' below).
The alternation between [o] and [ç] in OT
The distributional properties of [o] and [ç] to be accounted for were formulated in (9) and are repeated in (40). These generalizations are organized from the general to the more specific and it will be shown how constraints must also be organized on a domination scale going from specific to general to account for them. We'll start with the more general tendency in (40a).
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The question of which aspects of the vowels and/or the syllable structure are "underlying" and which are derived has been a much debated topic in generative phonology. Four possibilities have been considered at considerable length for languages such as Dutch and German: vowel quality, vowel length, moraic structure and syllable structure. This problem is by far not as crucial in OT, since in principle each of these properties can be part of the input as long as the constraint hierarchy guarantees that all relevant properties correlate with each other.
The fact that only [o] , and not [ç] , is possible in an open final syllable is explained by the effect of LAXV, which demands that lax vowels be monomoraic. Since this contradicts the preference for vowels in final open syllables to be bimoraic, [o] is preferred, as shown in tableau (41) for kilo. Tense vowels are bimoraic and vowels in open final syllables are preferably bimoraic. Thus, there is no conflict. This is a case of the emergence of the unmarked (McCarthy & Prince 1994) . It is assumed that when the back vowel is final, its input is not specified for tenseness or laxness, nor is it specified for moraicity. A widely used way to express underspecification in OT is to allow for multiple inputs. The moras in parentheses show the number of moras associated with the final vowel. Both candidates with bimoraic vowels (a. and c.) violate the constraint against long vowels, but the two candidates with monomoraic vowels (b. and d.) violate higher-ranking FINALLENGTH, and are thus eliminated. Candidate c., with a bimoraic lax vowel, violates LAXV, as well, and candidate a., which only violates *LONGV, is the best candidate.
(41) Tableau for kilo 'kilo'
The candidates for the very interesting alternation sot/sotte in (42) consist of masculinefeminine adjective pairs. The best pair in tableau (42) is the first one, in which the masculine adjective has a tense vowel in an open syllable and the feminine adjective has a lax vowel in a closed syllable. 12 The moraic structure is not given in the tableau, but it is assumed that LAXV is fulfilled in all candidates, and that tense [o] is always bimoraic.
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It is not perfectly clear how to force the feminine forms to be in a closed syllable. One possibility could be to activate an additional constraint, called FEM(C), requiring feminine adjectives to end in a consonant. At first sight, this constraint is too language specific, but if it is understood as a special case of a more general constraint positing that the feminine forms are phonologically more complex than their masculine counterparts, it becomes universal after all. The fact that feminine is some kind of feature added to the unmarked gender -which is masculine -seems to be universal enough to elevate it to the status of a universal markedness constraint. A constraint requiring the masculine and the feminine to be different would, of course, not be enough. 13 In this case the lax vowel is long, because FINALLENGTH is higher ranking than both LAXV and *LONGV. In other words, LAXINGHARMONY is more specific than CODACOND since it says something about one consonant and a class of vowels.
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Notice that lourd in (37) is not affected by LAXINGHARMONY since there are no lax high vowels in standard French. This is accounted for by a cooccurrence restriction against [high, lax] The last series of cases are the most specific ones. Before most consonants, both variants of the back mid vowel are allowed. For these we need faithfulness to a property of a specific segment in a specific lexical item. A word like paume, as opposed to pomme (see (8)), in which the o-sound is always tense is accounted for by the lexically prespecified bimoraicity, or tenseness, of the vowel. The final consonant is relegated to a semisyllable. In pomme, no prespecification is needed. The segment [m] is the coda of the syllable, and the whole word is syllabified like sol in (28).
(46) Tableau for paume 'palm'
The constraint hierarchy given in (47) has been used to account for the alternation between the two round back mid vowels [o] and [ ]. MAX(µ) is the highest ranking constraint, responsible for the lexical length contrast on vowels. BACKNESS and LAXINGHARMONY are next on the hierarchy and are responsible for specific cooccurrence restrictions. The remaining constraints are relevant for the length of all vowels, not only the mid ones, and as such are responsible for what happens in the default cases. Finally, for the speakers who have the contrasts jeune/jeûne or meule/meule (cf. (14)), a specific faithfulness constraint, like MAX(µ), is needed by means of which the contrasting quality of the vowels can be maintained. The contrast must be lexically specified.
The same kind of constraint hierarchy as the one which has been shown to be active in the alternation between the back mid vowels has been established here. The most specific constraints are of course different from the ones for [o] and [ ], except for the one responsible for preserving the lexical prespecification of the moras. OT is an ideal framework to account for the intricate data presented above, since the effect of unmarkedness can be overridden by more specific constraints acting toward more markedness. The constraints necessary to account for French are listed in (60). The constraints relevant for the distribution of pairs of lax and tense vowels are in a Paninian relationship, with the more specific ones ranked higher than the less specific ones. Constraints aiming at preserving lexical prespecifications must be ordered highest in the hierarchy; then we find constraints involving classes of segments, and at the bottom of the hierarchy we find the most general constraints. The more specific constraints we find, the less probable that the general ones will play be active in determining the optimal candidates, and the less we see the effects of Emergence of the Unmarked. In French, the unmarked case for the occurrence of vowels is that a lax vowel is closed by a consonant and a tense vowel is in an open syllable. Since this pattern is observed in a number of other languages as well, we can safely conclude that we are dealing with a truly universal tendency. In languages in which the constraints requiring fulfillment of these tendencies are highly ranked, as in many Germanic languages, their effects are more immediately observable than in languages like French, where a whole series of higher-ranking constraints obliterate their effects.
